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ABSTRACT 


Continuous bottom current measurements were taken in the head 
of Monterey Submarine Canyon in water depths Saaine Gaon 80 to 110 
fathoms utilizing an in situ Savonius Rotor sugbentenenen ene system 
placed approximately 40 feet above the bottom. Concurrent wind, 
wave, and eel data were collected with the current measuveneiene 
Basic Statistical parameters and power spectra were then computed 
for each time series obtained. 

Current speeds in excess of one knot were measured, with the 
current direction being predominantly along the canyon axis. Water 
temperature, current speed and direction all exhibit cyclic fluctu- 
ations of a periodicity equal to that of the semidiurnal tide. Cold, 
high-speed currents flow up-canyon (landward) on the falling tide 
while warmer, slower currents flow down-canyon (seaward) on the 


rising tide. Wind and wave conditions do not appear to have any 


significant effects on the near-bottom currents. 
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I. INTRODUCTION 


A. PURPOSE 

The purpose of this research was threefold: (1) to measure 
the velocity of the near-bottom currents in the Monterey Submarine 
Canyon at a depth of approximately 100 fathoms, (2) to compare the 
results of these measurements with earlier data, and (3) to attempt 
to determine to what extent various environmental parameters (such 
as tides, wind, and waves) ‘influence the near-bottom currents. 

This paper presents the results obtained from continuous 
recording Savonius current meters, placed 40 feet above the bottom 
in depths ranging from 80 fathoms to 110 fathoms at the head of the 
Monterey Submarine Canyon, and concurrent observations of wind 


velocities, wave heights, and tidal fluctuations. 


B. BACKGROUND 

Although near-bottom currents in submarine canyons have been 
measured at several locations over the past two decades, the data 
obtained has been quite variable, and various factors have been 
suggested as being the primary influence responsible for the 
Current MOLIon. 

For example, Stetson (1936), using an Ekman meter, made direct 
measurements in three canyons on the Georges Bank. He found a 
maximum current of 0.2 knot at depths of 46 fathoms and 146 fathoms 
and determined the movements to be tidal in nature. 

Currents of 0.5 knot were measured, using an Ekman meter, by 


Shepard, Revelle, and Dietz (1939) in several canyons off Southern 


ll 


California at a depth of 50 fathoms (2 meters off of the bottom). 
They concluded the tide was not a factor of any importance in causing 
the currents but rather suggested that they were related to internal 
waves or irregular eddies with vertical axes. 

In later investigations of Scripps Canyon, Shepard measured 
currents as high as 0.5 knot using a Savonius meter four feet off 
of the bottom in a water depth of 75 fathoms. Possible explanations 
for the observed currents include surf beat, and the seaward return 
flow of water carried inshore by swell (Shepard, et al, 1964). 

Recent measurements in Monterey Submarine Canyon have been made 
by Gatje and Pizinger (1965) and Dooley (1968). Gatje and Pizinger, 
using an Ekman meter, found the maximum current to be 0.8 knot, and 
Dooley, using a Savonius meter, recorded currents as high as 1.0 knot. 
Both were working in a depth of about 70 fathoms. Gatje and Pizinger 
were approximately 16 feet off of the bottom while Dooley was 50 
feet off of the bottom. The former concluded the currents were tidal 
in nature with down-canyon flow on rising tide and up=canyon flow on 
falling tide. Thus, it appears the bottom currents are a compensatory 
counter-current for surface tidal motion. 

Dooley concluded that only peak speeds show good tidal correlation 
but that after a few days even this relationship becomes vague. On 
the one record where Dooley examined the tide, this author finds good 
agreement with the conclusions of Gatje and Pizinger over the first 
portion of the record. In addition to a dominant tidal component, 
with a 12-hour period of oscillation, Dooley also observed several 


shorter-period oscillations. 
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In a visual inspection of recent data obtained in Scripps Canyon 
by Shepard (personal correspondence), the above tidal correlation 
does not appear to be substantiated except in isolated segments of the 
records. His observations consist of simultaneous records from at least 
two points. Readings near the Canyon floor at depths of 550 feet and 
672 feet show good correlation. However, concurrent readings near 
the Canyon floor at 672 feet and just above an inter-canyon ridge 
(depth 420 feet) show the flow to be in nearly opposing directions. 

In all of the above investigations the direction of flow is 
predominantly along the canyon axes, and of an oscillatory nature with 
widely varying periods. The magnitudes are generally less than 0.5 
knot. Explanations of the driving forces and factors influencing the 
currents are numerous, and no single theory has been proven or widely 


accepted, primarily due to the paucity of data concerning this question. 


US} 


II. REGION OF INVESTIGATION 


A. TOPOGRAPHY OF MONTEREY BAY AND SUBMARINE CANYON 

Current measurements were obtained in the canyon axis approximately 
1.5 miles west of Moss Landing at the head of Monterey Bay. Figure l. 
shows the Monterey Bay region and the general bathymetry of the Bay 
and Canyon. 

Monterey Bay is in open communication with the Pacific Ocean and 
is subject to the oceanic variations. The bottompor the bay as cue 
by a massive canyon system which extends from the canyon head, less 
than one mile off the coast at Moss Landing, to a depth of over 1600 
fathoms at a point 50 miles to seaward. 

The canyon has a V-shaped profile and follows a meandering path. 
It has two major tributaries. Soquel Canyon enters from the north 
at a depth of 500 fathoms, and the Carmel Canyon enters from the 
South at a depth of 1100 fathoms. 

Side slopes of the Monterey Canyon range from 5 degrees to 34 
degrees. Near the canyon head there are axial gradients up to 8.5 
degrees. The slope gradually decreases until at a depth of 400 feet, 
it has reached a relatively uniform value of close to 2.5 degrees. 
This slope persists along the curving course of the canyon out to about 
5000 feet where there is an increase to over 6 degrees where the 
canyon cuts through a granite ridge. The slope then declines evenly 
to 0.5 degree at its seaward limit. (Martin and Emery, 1967). 

Cross-sectional views of the canyon at the approximate depths 
at which measurements were taken are shown in Figure 2 (Shepard 


and Emery, 1941). The bathymetry of this area is shown in Figure 3. 
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head of Monterey Canyon 
(Shepard and Emery, 1941) 


16 


= sie | 4 
Costrovi a 


yards 


0 1000 2000 


Fromc.& G.S. 5403 
MONTERREY BAY 
soundings in Fatnoms 
Speer 50, UUU 





Fie. 3. BAavUhymetlry of tne Vierq tom en verey 


OU eee ee Canvon. 


7 


ITI. MEASURING EQUIPMENT AND PROCEDURES 


A. THE TAUT-WIRE MOORING 

The location of the three moorings established during this 
investigation are shown in Figure 3. The taut-wire mooring system, 
as suggested by Dooley (1968), was used for each observation (Figure 
4). The Navy 63 foot Hydrographic Research vessel was used in the 
launching and recovery of all moorings except for one recovery which 
was made by the Coast Guard Cutter Cape Wash. 

Each mooring consisted of an expendable section and a recoverable 
section. The expendable section consisted of a mooring line and a 
500-pound (in air) anchor weight composed of five, cement-filled, 
five-gallon cans. The mooring line was 30 feet of 3/16 inch polypropylene 
line connected to the release mechanism of the recoverable section. 

It would be desirable to’ have the meter moored nearer to the 
bottom; however, due to the rock outcroppings, steep slopes, and 
unknown topographic features in the area, the longer mooring line was 
used to reduce the possibility of damage to the meter system. 

The recoverable section consisted of the release mechanism, six 
feet of 3/8 inch nylon line, the Savonius rotor current measuring 
system, nine feet of 3/8 inch nylon line, a 23 inch diameter, aluminun, 
buoyancy sphere, 600 feet of 3/16 inch polypropylene line (weighted 
with a ten-pound shot 200 feet below the surface), and a surface 
marker buoy. Swivels were inserted at each shackle connection to 
allow free rotation. A 1/4 inch plywood vane (2 feet by 3 feet) 


and a meter mounting frame were added to the Savonius meter system 
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Fig. 4, The Taut Wire Mooring 
19 





°.s ‘ 


to relieve the straim on the system and@tosprevide rotational stapiliey. 
The stabilizer vane was balanced by an 18-inch glass float attached 


opposite the vane. 


B. THE CURRENT MEASURING SYSTEM 

The sensor used in this investigation was a Model 501B, in 
situ current speed, direction, and temperature recording systen, 
manufactured by Hydro Products, San Diego, California. Specifications 
given in this section are furnished by the manufacturer. The 
system includes a Savonius rotor, a direction vane, and an instrument 
package which includes a chart recorder, battery, thermistor, and 
readout electronics. 

The underwater speed sensor is a precision balanced, high impact, 
polystyrene, Savonius rotor mounted on carbide to carbide, self- 
cleaning, bearings. It rotates at an angular rate of 83.5 revolutions 
at one knot. The useful range is 0.05 to 7.0 knots with an accuracy 
of +3% of the reading (Franz, 1967). The rotation rate is determined 
from a magnetic pick-up whose output is a pulsed DC voltage which gives 
ten pulses per revolution of the rotor. 

Current direction is measured with reference to magnetic Morth. 
The direction vane is magnetically coupled to the slider of a low 
torque potentiometer which is referenced by a magnetic compass. By 
applying a fixed voltage across the potentiometer, the voltage output 
on the slider is proportional to its degree of travel from magnetic 


north. Accuracy of the direction value is +5 degrees. 
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The temperature sensor consists of a thermistor imbedded within 
the aluminum housing of the electronics sphere. It is accurate to 
within +3 per cent of the value over a range of zero to 40 degrees 
Celsius. The thermistor stability is better than one per cent error 
in 24 hours. Its linearity is within +2 per cent of straight line 
characteristics. 

The electronics sphere contains the electronic circuitry, Rustrak 
two inch strip chart recorder, six volt nickel cadmium. battery, and 
clock timer. Current speed read out circuitry consists of a pulse rate 
counter which generates a DC voltage proportional to the number of 
pulses received from the rotor. This DC level is recorded as current 
speed. Current direction readout is the amplified DC voltage from 
the compass slider. Water temperature is recorded on the strip chart 
as a measure of the DC level from the thermistor bridge. The three 
DC outputs are applied through a switching system to the recorder. 

The Rustrak recorder provides a record of temperature, speed and 
direction with time. The recording cycle is 7.5 minutes during which 
period the speed and temperature are recorded for 1.5 minutes followed 
by a five-minute record of speed and direction. Each input is recorded 
on a four-second, time sharing basis. The recorder then turns off for 
the remainder of the cycle. The recorder may be set for a 30-day or a 
7-day record. The timer starts a new cycle on an exact 7.5-minute 
interval each half hour for the 30-day record, and runs continuously 


on 7.5-minute intervals for the /-day record. 
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The current meter weighs 38 pounds in sea water. Its frame is 
102 cm. in length and 40 cm. in width. Table I is a summary of the 


manufacturer's measuring system specifications. 


C. THE RELEASE MECHANISM 

A timed release, the Braincon Model 422 release mechanism, manu- 
factured by Braincon Corporation, Marion, Massachusetts, was used to 
permit the measuring system to return to the surface for recovery. 
After the timer counts down to the preset release time, an explosive 
squib is activated, which allows the release to disengage from the 


mooring line. The weight of the release in water is seventeen pounds. 


D. MOORING PROCEDURE 

Navigation was by radar and visual fixes on navigational aids 
in the Moss Landing area. Depths were determined using a Precision 
Depth Recorder. 

The surface marker was towed behind the vessel while approaching 
the mooring site. At the mooring site the recoverable portion Gian 
array was lowered into the water. When the vessel was positioned at 
the desired location,the anchor weight was launched. Table II contains 


the positions, depths, and dates of the moorings. 


E. WIND RECORDING EQUIPMENT 

Wind records were obtained from the California State Colleges 
Marine Laboratory at Moss Landing. They have a propellor and vane 
type anenometer coupled to a continuous strip chart recorder. The 
anemometer is located on the beach directly east of the site where the 


current arrays were positioned. The anemometer height is approximately 
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40 feet and it is completely unobstructed from the seaward side. 
Wind speed and direction were recorded continuously on a Weather 
Measure Corporation Wind Speed and Direction Chart #C101, by means 
of two inked styluses. The chart advanced at the rate of one inch 


per hour. 


F. TIDE RECORDING EQUIPMENT 

Tidal records were obtained from a standard recording tide gauge 
maintained by the Postgraduate School on Wharf .No. 2 in the Monterey 
Harbor. The heights of the tide are the same at Moss Landing as at 


Monterey. The time difference is about three minutes and was neglected. 


G. WAVE RECORDING EQUIPMENT ‘aS 

Wave data was obtained from a Mark IX Ocean Wave Recorder made by 
Mark Instruments, La Jolla, California. The recorder displays a 
continuous record received from a Snodgrass Mark IV pressure sensitive 
wave sensor located off Del Monte Beach. The system is maintained 


by the Postgraduate School. 
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TABLE I 


CURRENT METER SPECIFICATIONS 


SPEED SENSOR 
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IV. DATA ANALYSIS 


A. SAMPLING PROCEDURE AND DATA REDUCTION OF CURRENT RECORDS 

The Rustrak recorder provided a record of temperature, current 
speed and direction with time. The recording cycle of the system is 
7.5 minutes. 

A sampling interval of 3.75 minutes (0.0625 hours) was used to 
convert the speed and direction records to digital form. The 
temperature was recorded every 7.5 minutes and the intermediate values 
were interpolated, which gave the equivalent of a 3.75 minute sampling 
interval. This interval allowed analysis of frequencies up to 0.133 


cycles per minute, the "cut-off" or Nyquist frequency. 


B. SAMPLING PROCEDURE AND DATA REDUCTION OF WIND RECORDS 

The wind speed in miles per hour and the direction were recorded 
continuously at the rate of one inch per hour. The record was 
digitized at 1/16 of an inch giving a sampling interval of 3.75 
minutes. Wind speed was converted to knots before performing a 


statistical analysis. 


C. SAMPLING PROCEDURE AND DATA REDUCTION OF TIDAL RECORDS 

The tide at Monterey is of the mixed type, in which the two high 
waters and the two low waters each day exhibit a diurnal inequality. 
The marigram for each observation period was digitized using a 
sampling interval of 3.75 minutes and the tidal level was referenced 


to Mean Lower Low Water (MLLW). 
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D. ELEMENTARY STATISTICS 
All of the above data was transferred to IBM punch cards by 
personnel at the Postgraduate School Computer Facility. 


' a Fortran IV computer program, (see Appendix A) written 


“@urrent ,' 
by Dooley (1968), was modified to provide the following statistical 


and graphical outputs for each time series: 


1. Hourly means 
2. Daily means, medians, modes, and frequency distributions 


3. Time series means, medians, modes, variances, standard 
deviations, and frequency distributions 


4. Histograms. 
These elementary statistics were computed using standard techniques 
with the exception of direction means which were computed by the 
method of Webster (1964). For analyzing wind records additional 
steps were inserted in the current program to change wind speed from 
miles per hour to knots and to alter the conventional wind direction 
by 180 degrees for easier comparison with direction of the current 
flow. Separate programs were written to provide a graphical display 
of each time series (i.e. temperature, wind speed and direction, and 
tidal fluctuations). The above programs were all run on the 
Postgraduate School IBM 360 computer. Summaries of the wind and 


current statistics are listed in Tables III-VI. 


E. POWER SPECTRA ANALYSIS 

Spectral analysis was applied to the individual time series to 
divide the variance of the time series into discrete bands. The 
power spectrum provides a measure of the density of the variance as 


a function of frequency. Power spectral computations were made on 
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the CDC 3600 computer at Fleet Numerical Weather Central, Monterey, 
using computer program GHOST, written at Scripps Institution of 
Oceanography, La Jolla, California. This program also provided 
coherence between selected time series. Frequencies between 0.133 
cycles per minute and 0.375 cycles per day were analyzed. Normalized 


power spectra are plotted in Figures 22-27. 
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V. OBSERVATIONAL RESULTS 


A. GENERAL DESCRIPTION OF THE NEAR-BOTTOM CURRENTS 

Three observations were made along the canyon axis 
approximately 40 feet off of the bottom at depths varying from 80 
fathoms to 110 fathoms. A summary of all statistical computations 
is found in Tables IV through VI. Histograms and time series plots 
are displayed in figures 5 through 21. 

All records reveal a periodic nature in direction, speed, and 
temperature. The modal directions are generally along the canyon 
axis at each location. The speed varies from 0.08 knot to in excess 
of one knot. Both records II and III exhibit a mode at 0.95 knot to 
1.00 knot. In reality these values for cruises II and III (13% and 
26% respectively) are for currents 0.95 knot and greater. Other than 
these peaks in the histograms, there are modes at 0.15 knot and 0.35 
knot, and both records are skewed toward the higher speeds. 

In general the directions conform to the topography of the 
canyon which agrees with all previous investigations. The speeds 
recorded are considerably higher than those previously measured in 


this canyon and others. 


B. OBSERVATIONS OF CURRENT DIRECTION 

A visual inspection of the time series plots reveals several 
striking features and correlations. Initially, it is evident that 
there is a definite periodic reversal of current direction which is 
generally along the canyon axis. At 110 fathoms (cruise III) the 


axis trends 025-205°T and the primary current directions are 020-200°T. 
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At this depth the canyon is V-shaped, steep-sided, and well-defined. 

At 90 fathoms (cruise I) the down-canyon flow is 245° and the canyon 

axis trends 240°T. In an up-canyon (landward) direction the predominant 

current is 095° while the canyon axis is about 060° but is altering 

its course to the eastward. The canyon floor widens and the axis is 

less well defined above this depth. At 80 fathoms (cruise II) the 

canyon divides into two branches (065° and 085°) landward but runs 

as a single channel 235°T down-canyon. The current flow in this region 

was mainly 215° down-canyon. Up=canyon flow was primarily 105° with 

a secondary mode of 065°. Variations in current direction from the 

confines of tue cnarted canyoa axis can be attributed to local topo- 

graphic features which are not evident on the charts of the area. 

Several irregularities in the topography were noted in this region 

using the vessels' Precision Depth Recorder (PDR), however it was 

beyond the scope of this research to exactly position these anomdlies. 
Close inspection of the time series plots disclosed many 

prominant correlations between series. The direction changes occur 

generally at high and low tides and correspond to periods of minimum 

speed. On rising tide, the current flow is down-canyon while on 


falling tide the flow is up-canyon. 


C. OBSERVATIONS OF CURRENT SPEED 

The up-canyon flow, associated with the falling tide, is a cold 
current which increases in speed rapidly from near zero to approximately 
one knot (figure 8). This speed is sustained for two to three hours 


and then decreases slowly to a minimum. On the rising tide, the 
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current warms with time increasing slowly to a maximum speed which 
varies proportionally with the tidal range (figure 10). The current 
then decreases slowly again to another minimum value, after which 
the cycle is repeated. 

When the two high tides and the two low tides are of equal 
magnitude, the above relationship is very well defined. This is most 
evident on the records from cruise III (17-24 October, 1968). When 
there is a large variation between the two high tides and the two 
low tides, the relationship between the currents and the tidal phase 
becomes vague. However, as the tidal fluctuations even out, the 
relationship with the current again becomes clear. This can be seen 
on the records from cruise II (26 Sept - 3 Oct.). 

The average values for current speed are 0.50 knot and 0.67 
knot with standard deviations of 0.29 knot and 0.28 knot respectively. 


The variances are 0.09 and 0.08 Gene. 


D. OBSERVATIONS OF WATER TEMPERATURE 

On cruise [I the temperature variation was over a narrow range of 
8.0°C to 9.5°C. Subsequent records display a wider range of warmer 
temperatures associated with the Davidson Current which is flowing 
during this period (Skogsberg, 1936). The range at 80 fathoms was 
10.6°C to 13.8 C. At 110 fathoms, the range narrowed to 10.0°C 
to 12.4°C. The average temperatures for the three periods were 8.0°C, 


11.87 C, and 11.356. 
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E. WIND OBSERVATIONS 

The winds exhibited a characteristic on-shore/off-shore 
diurnal variation. Average speeds were on the order of ten knots, 
reaching their maximum speed in the early afternoon and their minimum 
shortly after midnight. 

The wind conditions did not appear to exhibit an appreciable 


influence on the near-bottom currents in either magnitude or direction. 


F. WAVE DATA 

During the first cruise, wave conditions ranged from calm seas 
to wave amplitudes of about 0.4 foot with periods of 8 seconds to 
12 seconds. 

During the last two cruises, the wave conditions increased from 
a period of 10 seconds to 12 seconds and amplitudes of 0.2 foot to 
periods of 20 seconds with approximately one foot amplitudes and then 
began subsiding again. 

In general, it appears as if the longer period, higher amplitude 
waves had the effect of increasing the magnitude of the current speed 
and prolonging the lengths of the high speed bursts in both up-canyon 
and down-canyon directions; however, time was not available to analyze 


this relationship in detail. 


G.. SPECTRAL ANALYSIS 
The normalized energy density curves (figures 25-30) exhibit 
consistent peaks in the power spectrum for each parameter around the 


following periods: 
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lies. 8, 6, 5, 2./5 hours 
Coerente direction: 12.5, 6, 3.5, 3, 2.35 hours 
Current Speed: 12.5, 6, 4, 2.5 hours 
Water Temperature: 12.5, 6, 4 hours 
Wind Direction: 24, 8 hours 
Wind Speed: 24, 12, 8 hours 
There is good correlation between the 12.5, 6, and 5 hour periods 
of the tide and current direction for all three records. 
The current direction shows very good correlation with both 
the temperature and current speed for nearly all periods. 
With the exception of the semi-diurnal component, there appears 


to be no correlation between: 


Current Speed = Wind Speed 
Wind Direction 


Current Direction - Wind Speed 
Wind Direction 


ace - Wind Speed 
Although it is not consistent, there does appear to be some 


correlation between the tide and the wind direction. 
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Energy Density Units: log(feet)*/cycles per day 
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Fig. 22. Power Spectra of Tide 
(normalized energy density vs. period in hours) 
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Fig. 23. Power Spectra of Current Direction 
(normalized energy density vs. period in hours) 
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Energy Density Units: log(knots)“/cycles per day 
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VI. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 


A. SUMMARY 

Continuous measurements of water temperature, current speed, and 
current direction were taken for three 7-day periods in the head 
of Monterey Submarine Canyon. The arrays were positioned along the 
canyon axis at 80, 90, and 110 fathoms, with the measuring system 
about 40 feet above the bottom. 

Current flow was influenced predominantly by the canyon topography. 
The directional distribution was bimodal in the up and down-canyon 
directions. 

Current speeds in excess of one knot were common throughout the 
records. The average speed was 0.58 knot (standard deviation: 0.28 
knot) which is considerably higher than previously recorded values 
of current speeds in this or any other canyon. The range of the tide 
appears to have a direct influence on the maximum speed attained 
imvpeachecycle., 

Water temperature, current speed, and current direction all 
exhibited periodic fluctuations corresponding to the tidal cycle. 
Results of this investigation substantiate the findings of Gatje 
and Pizinger (1965) in that the reversal of the near-bottom current 
direction coincides closely with the times of high and low tide. 

And further, that the direction of flow is contrary to what would be 
expected, i.e., up-canyon on the falling tide and down-canyon on 
the rising tide. The down-canyon flow was generally of a greater 


magnitude and sustained for a longer time than was the up-canyon flow. 
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The temperature distribution shows a wider range of warmer 
temperatures for the last two cruises than for the first. Warmer 
water was associated with the seaward (down-canyon) current direction, 
while a reversal to up-canyon flow always resulted in a marked decrease 
in water temperature. 

Spectral analysis failed to reveal any significant correlation 
between wind speed or direction and the current flow. 

There appears to be a relationship between wave period and the 
maximum current speeds attained, however this was not investigated 


in detail and should be the object of future research. 


B. CONCLUSIONS 

The primary environmental factor influencing the near-bottom currents 
in Monterey Submarine Canyon is the semidiurnal tidal fluctuations. 

The correlation between current direction and tidal phase is 
very good as long as the semidiurnal tidal components are nearly 
equal. When there is a mixed tide, the relationship becomes vague. 
However, as the tide returns to having equal semidiurnal variations, 
the relationship with current direction again becomes readily apparent. 

The near-bottom currents may be explained as a seaward return flow 
of inshore water movement due to tide and wave/swell activity. 

The periodic fluctuations of water temperature and current 
speed are probably directly related to the tidal cycle and are 
manifestations of the reversal of the current direction with change 


in the tidal phase. 
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C. RECOMMENDATIONS 

Future current studies should be of a longer duration to allow 
greater resolution of the power spectrum calculations. 

To better define the nature and extent of the near-bottom currents 
multiple arrays should be used in various configurations (e.g., two or 
more meters arranged vertically on a single moor, simultaneous moorings 
at different depths along the canyon axis, or one array in the canyon 
with another measuring water motion on the continental. shelf nearby ). 

Present data should also be re-evaluated after filtering out tidal 
components to determine if there are other significant periods of 


oscillation, which may be obscured by the tidal influence. 
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